L pounds of unmixed granular propellant.
A secondary objective of the program was concerned with a study of the B-AgF 2 reaction. Results indicate the feasibility of using the above as a water-ignitable propellant system. Additional study is indicated to optimize the system and further j elucidate the reaction mechanism. C,
The objective -f thi!; program was the development of a power cartridge propellant that is stable to 900OF and provides an impetus of at least 100,OOC ft-lb/lb of propellant at 701F.
"Other criteria were as follows.
(
1)
The autoignition temperature should be 900°F or higher.
(2) The propellant should withstand exposure to temperatures ranging from -100 to + 800OF for 1 hr with no more that a +10% change in form or dimensions.
(3) The propellant should have an impetus of at least 100 000 ft-lb/lb as measured by closed bomb techniques.
(4) The burning rate of the granulatec propellant should be between 0.2 and 2.0 in./sec.
Previous work has shown the feasibility of using a metalmetal oxide a., a heat source to produce the thermal energy required to decompose a thermally stable polymer. On decomposition, the bindcr produces gases that can do work. Thus one phase of the program was directed toward producing 3-1/2 lb of propellant by utilizing this concept.
The other phase of the program iwvolved a study to elucidate the reaction mechanism of the water ignition of mixtures of boron and silver difluoride. give a 400 0 C melting polymer. Mulling the polymer ," th 5%
ethyl silicate and catalyst in a polyethylene beaker was equally unsatifactory.
The addition of a small amount of benzene to reduce the viscosity was tried; this resulted in a product that melted at 3841C. Methylene chlori,3e was then tried as a solvent. The I solvent was evaporated at 80 0 C followed by a cure at 1501C.
This operation gave a product that melted at 390 0 C. Further I heating lowered the melting point.
1
produce a polymer that melted above 4001C. The cross-link reaction was conducted in a Parr bomb in J order to contain the RMD polymer-ethyl silicate-catalyst mixture in methylene chloride. After treatment at BOC the S material was taken out of the bomrb, heated to 1501C, and main-1 tained there for one day. This treatment also resulted in a material with a melting point lower than 4000C.
iiTRi-C6033-7 •wo gramc of RD polymer were dissolved in dichlorcmethane with J three times the required amount of ethyl silicate. This solution was divided into two equal parts and one drop of Nuocure 1 28 catalyst was added to one dish; at the same time a similar mixture containing four times the requisite amount of ethyl I silicate was halved and one drop of Nuocure 28 catalyst was S j added to the remaining half.
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The results were quite surprising. The dishes containing no catalyst both melted above 400 0 C, whereas the catalyst con-. Jtaining samples melted at a lower temperature (324 to 345 0 C for the three-fold ethyl silicate experiment (13-1) and 354 to 390 0 C for the four-fold .ethyl silicate experiment (13-3). The aforementioned material (13-1) was extracted with dichlororrmethane, yielding 59% of its weight.
It then melted at 400 0 C.
The material extracted melted below 100 0 C. The companion material to 13-1, which contained no catalyst, similarly extracted yielded only 14% of its weight. These and other data are summarized in Table 1 .
From the above experiments it would seem that the catalyst has a deleterious effect not only on the melting point but also on the production of useful polymer.
B. Production of Propellant Polymer
The polymer was produced in 50-gram batches by using a r.r 0 0
place, 48 hr at 80 0 C and 48 hr at 1501C.
The product was broken up and extracted for 40 to 48 hr. The'yield varied from 30 to 38 grams per batch.
The material recovered from the extraction was reprocessed in the same way. The yield of material was considerably less.
From 100 grams of recovered polymer 26 grams of polymer melting above 400 0 C was obtained. This material was different from the original batches in that it was nonsticky and quite easy to * grind. From 72 grams of twice recovered material 6 grams of polymeric material melting above 400CC was recovered.
The decline in attainment of polymers melting above 4000C from recovered RMD polymer leads to the conclusion that fractionation from high-to low-molecular-weight material is occurring. We have no firm evidence for our suspicion, but the 400 0 C polymer might be a combination of cross-linked clathrate polymer.
C. Fabrication of Propellant Grains
The propellant grains prepared on this program were made from a stoichiometric mixture of vanadium pentoxide and alum- 
3
The following materials were used in preparing the prow-l- The data acquired by using the closed bomb are given in 
29.50
Specific gravity
1.67
When the impetus (force) was calculated from the data obtained from burning the wafer form M-17, an aver ige of 27,401) ft-lb/lb was obtained. This figure is only 7.5% of the reportei impetus. Duplicate results were obtained with less than 5% maximum deviation.
If we then assume that a calibration factor of 7.5% can be Table 3 .
In an earlier series of experiments a Pyrex vessel was used to observe the reaction. In nearly all cases, when water [I, This fact and a material balance analysis lead to the conclusion that the gas formed was oxygen. Examination of the corrosion inside the vessel showed the presence of HF also.
II
When the sample size was more than 2.0 grams, the reaction
vessel was warm to the touch after the reaction was initiated.
After the reaction was complete and the vessel was opened, no water could be observed, and a black deposit was present over the entire inside surface of the vessel.
B. Results
An analysis of tVe data in Table 3 allows us to draw several conclusions. First, in all cases the AgF 2 present was not completely hydrolyzed, even though sufficient water was added. Second, the fact that metallic silver was formed shows that ignition occurred. Third, this fact forces the conclusion that BF 3 gas was formed before all the water reacted, and the BF 3 gas was hydrolyzed to produce boron oxides and HF.
The most reasonable explanation of this situation is t hat AgF 2 and BF 3 compete to react with the available water. This competition is possible if some of the water vaporizes and is available in the vapor to react with the BF 3 gas. Thus, if BF 3 takes away the water required for hydrolysis, AgF 2 is not* completely hydrolyzed.
In order to reduce the hydrolysis of BF 3 ý the sample size should be ir,-reased, and the vaporization of water should be stopped. This could be accomplished by using a larger reaction vessel with an atmosphere of cover gas or air. After the reaction is completed, the gas could be analyzed for BF 3 and oxygen with a mass spectrometer.
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IV.
CONCLUSIONS
The program reached a successful conclusion with the attainment of propellant grains capable of withstanding an 800OF environment for 1 hr and performing as required from computed impetus values. Conventional closed bomb evaluation * of these typical slow-burning, high-temperature propellants was not applicable to these systems. This is due to the fact that the calculation of impetus assumes that the propellant gases are uncooled at the time of measurement of maximum pressure. By grinding a conventional propellant into small granules, the burn time is reduced to a value below 10 msec.
The result is that the amount of heat lost to the propellant surroundings is minimized and not considered in the computation.
The characteristic reaction time of the metal-metal oxidepolymer propellant is, however, intrinsically much longer than a conventional propellant, and the heat energy lost by the propellant gases cannot be neglected. Faced with this fact, we burned a gun propellant of known impetus in a closed bomb at a prolonged rate. Calculation of impetus from these data resulted in a value of only 7.5% of the known impetus. These results again demonstrate the need for a more sophisticated met'.od for :2valuating these slow-burning propellants. Experiments have shown that the propellant contains enough gas at the reaction temperature to furnish an impetus of 100,000
ft-lb/lb.
* lIT RESEARCH INSTITUTE

23
IITRI-C6033-7
T£he results of the B-AgF 2 study have shown the feasibility of optimizing the system and have further elucidated the reaction mechanism. Investigation has shown that in all cases the AgF 2 was not completely hydrolyzed, even though sufficient "water was added. The fact that metallic silver was formed indicated that ignition occurred. These facts indicate that BF 3 was formed before all of the water reacted and BF 3 was hydrolyzed to produce boron oxides and HF.
I.
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